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Introduction of Dendritic Cells and Non-infectious Uveitis
Dendritic cells (DCs) were discovered in the late 1970s by Ralph Steinman of 'inflammatory' DCs (develop in response to inflammation); anatomical location (e.g. lymphoid tissue 'resident' DCs vs. non-lymphoid tissue peripheral 'migratory' DCs).
The study of DC biology has elucidated these subsets in both mouse and human, identifying some degree of inter-species correspondence between subsets, but also important differences. Murine and human DCs are both comprised of two major subsets, the key distinction being between conventional (also known as classical or myeloid DCs) M A N U S C R I P T
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and plasmacytoid DCs (pDCs). There is some variation in the terms used in the literature, but for the purposes of this review we will use the terms conventional DC (cDCs) to describe the non-plasmacytoid DCs in mice and myeloid DC (mDCs) to describe the equivalent group in humans 8; 18; 37 . In both species pDCs are the more homogeneous group, being distinguished by a non-dendritic plasma cell-like morphology in their resting state and an ability to rapidly secrete type I interferons (IFNs) in response to viral infection. The cDC/mDC grouping contains a number of different subsets with a range of functions directed towards directing T cell responses 31 . Classification of DCs and their discrimination from other mononuclear phagocytes (monocytes and macrophages) is made more challenging by plasticity especially under inflammatory conditions, which means that surface phenotype is not always a reliable guide to ontogenic relationship.
Human non-infectious uveitis is a potentially blinding condition characterized by intraocular inflammation. There is considerable evidence that most non-infectious uveitis is autoimmune (or at least auto-inflammatory) in origin 
Characteristics of Murine Dendritic Cell Subsets
As introduced earlier, murine DC subsets consist of two main populations: cDCs and pDCs. Conversely, cDCs and BMDCs do share expression of the transcription factor Zbtb46 52 .
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Characteristics of Human Dendritic Cell Subsets
As outlined earlier, there are shared features, but also important differences, between murine and human DC systems. Inter-species comparison based purely on surface phenotype of DC subsets is generally unhelpful, whereas more recent studies based on gene expression have been more rewarding. The key distinction of conventional DCs (hereafter referred to as myeloid DCs; mDCs) vs. plasmacytoid DCs is maintained with clear separation in both phenotype and function. Due mainly to the availability of tissue and other practical limitations, the study of DC subsets in humans has primarily been focused on peripheral blood. Indeed it was in human blood that pDCs were first identified.
As observed in the mouse, human DCs are relatively rare in the peripheral blood compared to other immune cells 18 . 
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In terms of function, the human subsets appear to behave similarly to their murine equivalents. pDCs secrete high levels of type I IFNs in response to viruses and other suitable stimuli; mDC1 and mDC2 are effective at presenting antigen and inducing CD4 + and CD8 + T cell responses, with mDC2 being particularly effective at cross-presentation of exogenous antigens to CD8 + T cells. These shared features support the idea that the study of murine DCs can support our understanding of human DC biology and related autoimmunity.
Even more than in the mouse, the concept of human 'inflammatory' DCs is controversial. In vitro it has long been established that human DCs can be derived from monocytes (MoDCs). These have been widely studied to inform human DC biology and have even been used as a tool for vaccine generation and cancer therapy 6 . Typically . This is clearly an area M A N U S C R I P T
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10 requiring further study. Table 1 summarizes several studies of the phenotypic and functional analysis in DC subsets in mice and humans.
Imbalanced Dendritic Cell Subset Proportions in the Immune System
Conventional DCs and pDCs are fms-like tyrosine kinase 3 (Flt3) ligand-dependent.
They are derived from a common DC precursor (CDP) that is a . Therefore, the plasticity of pDCs in switching to fully functional cDCs can lead to alteration of the ratio between DC subsets in vivo.
Interaction of Dendritic Cell Subsets during Immune Responses
As explained, both murine and human DCs include two major subsets, and those subsets exhibit distinct functions. Interestingly, it appears that there is significant interrelationship between these subsets. Kuwajima In summary, given these interactions, it is possible that the imbalance of DC subset proportions may significantly contribute to the immune responses seen in autoimmune diseases, such as uveitis.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Role of Dendritic Cell Subsets in Experimental Autoimmune Uveitis (EAU)
The critical role of DCs in non-infectious uveitis has been investigated in the murine model of uveitis (EAU). The immunological characteristics observed in EAU show distinct similarities to human disease states in which activation of CD4 + T cells is central 17; 40 . Pertussis toxin exerts an adjuvant role on cDC to promote cDC maturation and the production of proinflammatory cytokines, thereby eliciting a Th1 response in EAU 23 .
As discussed elsewhere 'maturation' is more complex and more plastic than a simple unidirectional linear progression, and thus there are a number of other DC states that should be considered 50 . For example, IL-10-conditioning BMDCs induce an 'immature' phenotype which can suppress EAU development and significantly reduce IRBP-specific T-cell proliferation and IFN-γ production, but increase IL-10 production Taken together, data from the EAU model suggest that DCs have an important role in the induction or inhibition of inflammation. Now, a major challenge lies in extrapolating these data to human non-infectious uveitis.
Abnormalities of Dendritic Cell Subsets in Non-infectious Uveitis Patients
An important question that remains is whether perturbations in the number, frequency, or ratio of DC subsets can lead to the development of autoimmunity. Studying DCs in noninfectious uveitis patients is a challenge owing to the low number of DCs in the peripheral blood and eye tissues. Despite this, DC subsets have been successfully quantified in patients with non-infectious uveitis secondary to Sarcoidosis, Behcet diseases, Vogt-Koyanagi-Harada (VKH) syndrome, or birdshot chorioretinopathy.
Through multicolor flow cytometry analysis, we have determined that non-infectious uveitis patients have an increased frequency and absolute number of CD1c + mDC1
when compared to the levels in the peripheral blood of healthy controls (Ping et al., manuscript under review).
In addition to the alteration in DC numbers, DCs exhibit a more 'mature' phenotype in non-infectious uveitis patients. Studies show that the deficiencies of mDCs correlate with the clinical severity observed in sarcoidosis, but mDCs still exhibit the upregulated co-stimulatory and maturation markers (e.g., CD86, HLA-DR) 39 . Another study revealed that increased CD86 and HLA-DR expression on mDCs in uveitis patients are strongly correlated with inflammatory activity. Interestingly, the expression of these surface molecules is not completely downregulated to the baseline levels measured in healthy controls, even during uveitis remission 28 . We have observed that only HLA-DR, not costimulatory molecules such as CD80, on CD1c + mDC1 is increased in the patient . Interestingly these changes were characteristic of the mDCs that had been directly isolated from these uveitis patients, providing evidence for the potential role of the ocular microenvironment in DC regulation, maturation and function 15; 16 .
In light of our increased understanding of DC biology, and our own observations of alterations in DC subsets in human uveitis (notably an increase in mDCs and a reduction in pDCs), we hypothesize that these DC alterations are at least partially responsible for M A N U S C R I P T
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the biased CD4 + T cell immune responses observed in human non-infectious uveitis (increased Th1 and decreased Treg cells).
Conclusions
The investigation of DCs is complicated by the fact that they account for a relatively small proportion in the immune system. An even bigger challenge persists is the translation and application of the findings from animal models such as EAU into more complex human non-infectious uveitis. There is, however, accumulating evidence that indicates that DCs may have either a protective or pathogenic role in the uveitis, depending on their maturation status and local microenvironment.
We hypothesize that, while most studies of DCs in uveitis emphasize the impact of abnormalities in an individual DC subset, important pathogenic effects may arise from imbalances in DC subset proportions and their mutual interaction. Even as DC-based therapies for cancer and vaccines continue to progress, we need to address these more fundamental questions regarding the role of DCs in the pathogenesis of uveitis.
Therefore, we argue that an equivalent depth of understanding on the function of individual DC subsets as well as their interaction in autoimmunity will be a necessary and potentially powerful tool for preventing, controlling, and effectively treating human non-infectious uveitis.
Method of Literature Search
The literature for this review was searched from PubMed, using the key words of uveitis, 
